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Motivation
I N2 and electrons are found in:
I Upper atmospheres of Earth and Titan
I Protoplanetary disks?
I Ultraviolet emission spectra from Titan have been recorded
I Many excited levels of N2 are dark: they predissociate
I We have a unique high resolution electron-impact
fluorescence spectrometer
I We have a reliable and detailed model of N2 absorption
and emission
Schematic of the experiment
J. M. Ajello et al. (2011). J. Geophys. Res. 116
A measured spectrum
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Fluorescence following 20 eV electron-impact energy
Model potential-energy curves





















































I 1Πu and 1Σ+u states absorb
and emit photons
I 3Πu and 3Σ+u states have
an open dissociation
channel
I Spin-orbit coupling leads to
predissociation of 1Πu and
1Σ+u states
Emission seen from: b 1Πu(v = 1, 4, 5, 6, 7)
b′ 1Σ+u (v = 1, 4, 7− 19) c3 1Πu(v = 0, 1, 2) c4 1Πu(v = 0)
c′4
1Σ+u (v = 0, 1, 2, 3, 4, 6) c′5
1Σ+u (v = 0)
o3 1Πu(v = 0, 1, 2, 3, 4)
Modelled N2 spectrum
Photoabsorption cross section from X (v ′′ = 0)
Modelled N2 spectrum
b′ 1Σ+u (v ′ = 20)← X 1Σ+g (v ′′ = 0)

































I Upper: Model spectrum.





I The emission rates
I J-dependence of excitation








I The predissociation rates
for some other levels




































λb(1)←X(0) = 985.7 A˚
λb(1)→X(2) = 1032 A˚
Experimental fluorescence spectrum















































Residual / overlapped bands
Modelled rotational profiles
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1Σ+u (v ′ = 0)→ X (v ′′)
Lines from b′ 1Σ+u (v ′ = 1)→ X (v ′′)
Emission cross sections






(10−20 cm2) unc. notes
Cross section
100 eV
(10−20 cm2) unc. notes
NII(3D, 3Do) 1346.501 – – 0.302 0.058
NII(3D, 3Do) 1346.342 – – 0.080 0.058
NII(3D, 3Do) 1345.324 – – 0.486 0.028
NII(3D, 3Do) 1344.993 – – 0.170 0.028
NI or NII 1344.044 – – 2.200 0.028
NII(3D, 3Do) 1343.660 – – 0.639 0.272
NII(3D, 3Do) 1343.560 – – 1.880 0.262
NII(3D, 3Do) 1343.312 – – 1.910 0.033
NI or NII 1342.847 – – 4.610 1.400
NI or NII 1342.792 – – 5.500 1.400
NI or NII 1342.062 – – 2.610 0.041
b′(9, 17) 1341.720 0.276 0.033 1.500 0.099
a(5, 1) 1338.880 2.440 0.039 1 0.973 0.072 1
NI or NII 1329.277 – – 0.123 0.027
NI(2P, 2Po) 1327.953 – – 1.400 0.027
NI(2P, 2Po) 1326.604 – – 1.930 0.035
b(1, 12) 1326.120 1.392 0.032 1.380 0.074
a(4, 0) 1325.280 13.600 0.042 1 2.520 0.077 1
NI or NII 1323.748 – – 0.074 0.027
NI or NII 1320.579 – – 1.050 0.021
NI(2P, 2Po) 1319.676 – – 11.500 0.021
NI(2P, 2Po) 1319.002 – – 5.180 0.081
NI(2P, 2Po) 1318.883 – – 0.697 0.081
NI or NII 1317.479 – – 0.096 0.021
NI or NII 1316.270 – – 0.151 0.021
a(6, 1) 1312.040 3.360 0.038 1 0.810 0.054 1
NI or NII 1311.336 – – 0.199 0.020
NI(2D, 2Po) 1310.945 – – 7.330 0.020
NI(2D, 2Po) 1310.578 – – 3.040 1.100
NI(2D, 2Po) 1310.527 – – 7.670 1.100
NI or NII 1309.796 – – 0.152 0.022
b′(9, 16) 1308.960 0.572 0.032 1.090 0.049
NI or NII 1307.043 – – 0.112 0.020
NII(3Po,
1S) 1306.614 – – 0.135 0.020
NI or NII 1306.310 – – 0.098 0.020
NI or NII 1305.036 – – 0.080 0.020
a(5, 0) 1298.440 8.160 0.038 1 1.410 0.055 1
b(1, 11) 1291.680 1.396 0.028 2.380 0.040
NI or NII 1290.391 – – 0.487 0.086
NI or NII 1290.281 – – 0.522 0.086
NI or NII 1289.651 – – 0.530 0.020
NI or NII 1289.239 – – 0.206 0.020
b(7, 13) 1280.760 0.086 0.027 0.161 0.039
c′4(0, 12) 1277.880 0.160 0.028 0.674 0.043
NI or NII 1277.562 – – 0.101 0.020
NII(3P, 3Do) 1276.770 – – 0.102 0.022
b′(1, 12) 1276.720 0.202 0.041 0.926 0.071
NII(3P, 3Do) 1276.543 – – 0.178 0.022
NII(3P, 3Do) 1276.202 – – 0.432 0.086
NI or NII 1276.092 – – 0.180 0.086
NI or NII 1275.425 – – 0.151 0.021
NII(3P, 3Do) 1275.221 – – 0.297 0.022
NII(3P, 3Do) 1274.999 – – 0.951 0.021




3. Enhanced because of self absorption of c′4(0, 0).
4. Intensity is calculated from a direct integration and not a modelled band profile.
5. To allow for the fitting of overlapping features the intensity of this band was assumed.
Emission to different ground state vibrational levels
b 1Πu(v ′ = 1)← X 1Σ+g (v ′′)






























James et al. 1990
Zipf & Gorman 1980
model
Lines: model 20 eV electrons 100 eV electrons
Emission to different ground state vibrational levels
c′4
1Σ+u (v ′)← X 1Σ+g (v ′′)
































Ajello et al. 1989
Liu et al. 2008
model
uncoupled
































Ajello et al. 1989
Ajello et al. 1998
model
uncoupled
Lines: model 20 eV electrons 100 eV electrons
Emission to different ground state vibrational levels
o3 1Πu(v ′ = 4)← X 1Σ+g (v ′′) and b′ 1Σ+u (v ′ = 10)← X 1Σ+g (v ′′)






























































Ajello et al. 1989
model
Lines: model 20 eV electrons 100 eV electrons
Experimental measurement of transition moments























































Dotted: ab initio transition moments
Solid: Experimental transition moment
I Ranges of overlapping wavefunctions probe the electron
transition moment
Experimental measurement of transition moments
b′ 1Σ+u ← X 1Σ+g






























Ajello et al. 1989
model
ETMs of Spelsberg & Meyer 2001































Ajello et al. 1989
model
ETMs of Spelsberg & Meyer 2001
Lines: model 20 eV electrons 100 eV electrons
Comparison with the nightglow on Titan



























































































































20 eV lab spectrum
100 eV lab spectrum
100 eV lab spectrum - full resolution
Conclusions
I Emission cross sections measured for N2, N, and N
+
features between 850 and 1350 A˚ for 20 and 100 eV
collision energies
I N2 emission cross sections are well-modelled and
predicted by a calibrated quantum-mechanical model
I These are fundamental quantities necessary to model
Titan’s atmospheric emission
In print:
A. N. Heays et al. (2014). Astrophys. J. Suppl. Ser. 211 p. 28

The measured spectrum with 20 and 100 eV electrons




















Fluorescence following electron impact
100 eV
20 eV
I 100 eV impact energy permits dissociative excitation of N
atoms and ions
Modelled spectrum
























































I The strongest N emission lines have absolutely known
emission cross sections
Excitation as a function of collision energy
J M Ajello et al. (1989). Phys. Rev. A. 40 p. 3524
Excitation as a function of collision energy, 100:20 eV












































This experiment averaged over v ′′
Ajello et al. 1989, James et al.
1990
Malone et al. 2012
